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¥ Conter Why Contingency Planning ??

Limited onboard processing
CPU, memory, time

Safety

sequence checking

Anticipation
setup steps




A Conter Technical Challenges

Planning under Uncertainty

Classical contingency planning
CNLP, Buridan, Cburidan, Cassandra, SGP, Cplan, ...

MDP planning Oversubscription
Gy, Gy, G, Gy, ..
Vi, Vo, V3, Vg, ...
Concurrent overlapping activities
Visual servo (.2, -.15) Lo res Rock finder NIR

Warmup NIR

Comm.

Continuous time and resources
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Cognitive simplicity oo
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d=- Just in Case (JIC) Scheduling

»[F—>]—>1—>

. '
1. Seed schedule
—p
—» 2. Identify most likely failure — /\ PD/\H:I /\ /\
3. Generate a contingency branch |
4. Integrate the branch \
™~ —O0—0—>

Advantages:

- > T »L|—>
Tractability u L] a
Simple plans
Anytime 0 >[]—>
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% B The Seed

Assume At=

t=13:35 t=13:52 1=13:53 t=13:54

' ' t 0[10:00, 14:00
I = 1000s K= aoSl L = 40s | ) [600 ]
= S
O =500s O=1s = ‘
9 =205 O =60s

Visual servo (.2, -.15) Dig(60) Drive (-2) NIR V=100




| Ames

@1 Conter Failure Point

t=13:35 t=13:52 1=13:53 t=13 @4

' ' t 0 [10:00, 14:00]
K = 1000s |.1=608l U = 40s L = 600
= S
O =500s O=1s =
o 208‘ O = 60s A

Visual servo (.2, -.15) Dig(60) Drive (-2) NIR V=100
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é Conter Failure Point

Assume At= £ 0 [9:0Q, 14:30]
u = 551
O=1s
HiRes V=10
t=13:35 t=13:52 t=13:53 t=13:54

' ' t 0[10:00, 14:00
I = 1000s K= aoSl L = 40s | ) [600 ]
= S
O =500s O=1s = ‘
9 =205 O =60s

Visual servo (.2, -.15) Dig(60) Drive (-2) NIR V=100




f;ia e Where the Branch *Should* Go

t 00 [9:0Q, 14:30]
u =5s ]
O=1s
HiRes V=10
t=13:40 t=14:05 t=14:10 t=14:12
L = 1000s ! L = 300 UL = 120s ! t 0 [10:00, 14:00]
O = 500s O'=5$] O = 60s “=6°°SA
O =60s
Visual servo (.2, -.15) Dig(60) Drive (-2) MR V =100
t 0 [9:00,,16:00] t 0 [10:00, 0]
W = 5s l U=12°s I = 600s ‘
O=1s 0=20s O = 60s
V=5 Lo res Rock finder LIB V=50

)
Warmup LIB
u = 1200s
O =20s A
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A e Why 2

t 0[9:0Q, 14:30]
u =5s 1
O=1s
HiRes V=10
t=13:40 t=14:05 t=14:10 t=14:12
| | t 0 [10:00, 14:00]
I = 1000s I = 300 - :
o- _ o 5s 1 . ;f,f‘ [ = 600s A Intermediate steps
O =60s
Visual servo (.2,-.15) || Dig(60) | Drive (-2) || NIR V =100 No inherent value
S~ Low impact on P
t 01 [9:00, 16:00] oo, aa0 | Value of alternatives
K =5s ‘ U=12°S U= GOOSA c
O=1s O = 20s O - 60s hlgher
V=5 Lores Rock finder LIB V =50

i
Warmup LIB
u = 1200s
O =20s




A, Rosear Just in Case (JIC) Planning
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1. Seed schedule
—» 2. ldentify best branch point — — /\ PD/\H:I /\ /\
3. Generate a contingency branch |
4. Integrate the branch \
™~ —O0—0—>
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A frocoarch Identifying Good Branches
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condition ? L
-- goals ?
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Visual servo (.2, -.15) || Dig(5) || Drive (-1) Hi res

[11,14:00]
Lo res " Rock finder NIR

Setup steps 1

Warm NIR

Changing utilities V=100

Visual servo Hi res Visual servo NIR

& V’=30

Sensor costs
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Floating contingencies
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Status

Floating contingencies

Setup steps

Utility updates

Utility estimation

Implementation

MSL
demo
GUI
Planner prototype
Contexts in Europa
< | | | | | | | | | ~
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A Research Limited Contingency Planning for Concurrent Activities
\%/ Center D. Smith, N. Meuleau, S. Ramakrishnan, B. Lu, R. Dearden, R. Washington

Goal

Develop contingency planning software for
generating more robust mission operation plans

Technical Challenges

Continuous quantities (time, resources)
Concurrent overlapping activities

Analyze
Add contingency branches

Description
Plan based on expectations

Goal oversubscription Low

Cognitive simplicity lllumination
K I . Nominal plan >

ey Innovations ' > [~ —>[—>

Incremental constructive approach

Utility estimation —»[—>[1>

Goal selection u Insufficient

Power
NASA Relevance
o S _ Status
Potential increases in science return for a variety FY02

of missions including:
Mars Smart Lander (2009)
Comet nucleus sample return
Accomplishments
Prototype contingency planner using Europa
GUI for branching timelines
New approach to
branch utility estimation
branch condition selection
goal selection

Prototype contingency planner using Europa
Prototype GUI for contingent timelines

FY03
Integrated demo for MSL program
Implement intelligent branch selection
Setup steps
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V2 oo Setup Steps
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Visual servo (.2, -.15) Dig(5) Drive (-1) Hires

[11,14:00]

Lo res Rock finder " NIR

T

Warm NIR




n ]
= Qptimal Value Functio
Center pl u un I n
E>10Ah E>.1Ah E>.6 Ah t 0[9:0q, 14:30] E >.02 Ah
M =5Ah I =.05 Ah K =.2 Ah u:ssi u=-01AhA
0 =25Ah O=.2Ah O=1s O0=0Ah

I = 1000s ' U = 60s
O = 500s ‘ O=1s l

v

Visual servo (.2, -.15) Dig(60) Drive (-2) NIR
\_/v /
t O [9:00,

16:00] t 0[10:00, 1%50]
M =5s l M =120s . M = 600s
O=1s 0=20s O =60s

Lo res Rock finder NIR
E >.02 Ah E>.12Ah || E> 3 Ah /\
[} [}
M =.01 Ah H=.1Ah A ML=2Ah A
O0=0Ah O =.01 Ah O0=.5Ah

| t 0[10:00, 14:00

{1 = 40s —[eoo ] E>3Ah

G = 20s H = 600s L=2Ah
0 = 60s 0 =.5Ah

A
—

14:40

Start time




